For the first time, beam-spin and beam-charge azimuthal asymmetries have been measured in electroproduction of hard photons on nuclei ranging from Deuterium to Krypton. The asymmetry results from the interference between the Bethe-Heitler and deeply virtual Compton scattering processes. The data have been obtained in the period from 1998 to 2000 by the HERMES experiment at HERA/DESY by scattering the 27.6 GeV longitudinally polarized lepton beam off an internal gas target. The final running period of HERMES until 2007 is dedicated to hard exclusive reactions. A recoil detector surrounding the gas target was installed and is currently being commissioned.
Introduction
Lepton scattering experiments constitute an important source of information for the understanding of the structure of nucleons and nuclei. This structure is described by form factors and structure functions, which are measured in elastic and deep inelastic scattering (DIS) experiments, respectively.
About a decade ago, the new theoretical framework of Generalized Parton Distributions (GPD) was developed for the description of hard exclusive processes 1, 2 . The GPD formalism implicitly includes parton distribution functions (PDF) and form factors (FF), but also embodies additional information. As an example, the total angular momentum of partons inside the nucleon can in principle be accessed through a sum rule for the moment of the sum of two GPDs 2 . There are four leading twist GPDs for each quark flavor q in the nucleon: H q , E q , H q and E q . These GPDs depend upon three kinematic variables: the longitudinal momentum fraction of the parton in the initial and final hadron and the momentum transfer between these hadron states.
The cleanest presently accessible exclusive process to study GPDs is deeply virtual Compton scattering (DVCS), in which a photon γ * with high virtuality (Q 2 ) interacts with a quark inside the target nucleon and produces a real photon γ. The DVCS final state is indistinguishable from that of the Bethe-Heitler (BH) process, where the photon is radiated by the incoming or outgoing lepton. The resulting interference term I offers the opportunity to access the DVCS amplitude which can be expressed in terms of GPDs which describe the target nucleon. The BH-DVCS interference term I depends on the charge (e l ) and polarization (P l ) of the incident lepton and can be extracted by measuring the beam charge and beam spin asymmetries. These asymmetries are usually expressed as a function of the azimuthal angle φ between the lepton scattering plane and the photon production plane 3 .
The HERMES Experiment
The data have been collected at the HERMES experiment by scattering a 27.6 GeV longitudinally polarized electron (positron) beam stored in the HERA collider at DESY off an internal gas target. The beam polarization is measured continuously by two independent polarimeters 4 . The scattered electrons (positrons) and coincident photons are detected by the HERMES spectrometer 5 in the polar-angle range of 40 to 220 mrad. A lepton trigger was formed from a coincidence between three scintillator hodoscope planes and a lead-glass calorimeter and required an energy of more than 3.5 GeV deposited in the calorimeter. Leptons are identified with an average efficiency of 99% with a hadron contamination of less then 1%. This is accomplished by combining information from the calorimeter, a scintillator hodoscope preceded by two radiation length of lead (preshower detector), and a transition radiation detector.
The photons are identified by their energy deposition in the calorimeter and preshower detector with no associated signal in the tracking system. The calorimeter provides an angular resolution for photons of about 2 mrad.
The DVCS Measurements
The single photon events were selected with only one DIS particle and one photon detected in the spectrometer. In addition, the angle θ γ * γ between the real and the virtual photon was restricted to the interval of 2-45 mrad. This was necessary to ensure reasonable resolution and large acceptance in the azimuthal angle φ.
The recoiling target remnants are not covered by the acceptance of the HERMES spectrometer. Therefore the missing mass
where m N is the nucleon mass, E γ the photon energy and t the squared four momentum transfer, was used for the selection of exclusive events. Due to the finite resolution, which is limited by the calorimeter, the exclusive sample will not only include contributions from the exclusive coherent reaction on the nucleus and from incoherent production off protons and neutrons in the nucleus but also semi-inclusive processes where only one photon is detected within the HERMES acceptance. The semi-inclusive contribution to the exclusive sample was estimated with Monte Carlo studies and was found not to exceed 5%.
Beam Charge Asymmetry
The Beam Charge Asymmetry (BCA) A C from an unpolarized target and unpolarized lepton beams can be written as:
The BCA from a deuteron target is shown in Fig. 1 as a function of the azimuthal angle φ. The solid curve in the figure indicates the cos φ behavior of A C , in accordance with the expectations of the GPD formalism. 
Beam Spin Asymmetry
The Beam Spin Asymmetry (BSA) A LU (here the subscripts L and U refer to longitudinally polarized beam and unpolarized target) can be written as:
The left panel of The results for BCA and BSA from different targets are summarized in Tab. 1, including the results for a proton target 6 .
Conclusion
The beam-spin and beam-charge azimuthal asymmetries associated with the DVCS-BH interference have been measured for the first time for a variety of nuclear targets ranging from Deuterium up to Krypton. Studying GPDs and their modifications in nuclear matter opens the possibil- to approach unity when integrating over the momentum transfer t, cf. Tab. 1. In case of purely coherent reactions these ratios should be larger than unity. Future studies of the DVCS process at HERMES will be based on a separation of coherent and incoherent fractions.
Furthermore, a dedicated Recoil Detector has lately been installed in the HERMES experiment enabling the detection of recoiling target remnants. In this way excited nucleon states described by different sets of GPDs, e.g. ∆-resonance, can be distinguished and is thus allowing for a cleaner exclusive events sample.
Acknowledgments
We gratefully acknowledge the DESY management for its support, the staff at DESY and the collaborating institutions for their significant effort, and our funding agencies (BMBF, DFG, EU) for financial support.
